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the short bunch
For acceleration
high intensity proton beam |

we have developed ' IMmpedance Tuner".
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installed in the KEK-PS main ring




FINEMET

Outer diameter . 340mm
[nner diameter . 140mm
Thickness ) 25mm



Permeability of the "FINEMET" for different bias currents
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IMPEDANCE TUNER #2




Measurement using the proton beam at KEK-PS

Synchrotron oscillation frequency is changed
because the voltage modified by the impedance.
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To measure the impedance

we have to observe the SyNchrotron frequency.
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single particle motion (incoherent) can not be measured.

collective motion (coherent) can be measured.

dipole Af =0 Ay 1 ASf

quadrupole Af =75 ALO f 2 s0 4 f sO

coherent quadrupole incoherent
oscillation

We can know the incoherent frequency shift
by measuring the coherent quadrupole oscillation ?mn:m:n%

LN

St




COHERENT : collective motion

Phase
space
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We can mesure the quadrupole oscillation
by ovmm\&:@ the envelope oscillation of the bunch shape.
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Procedure of the data taking.

1 . Waveform detected by wall-current monitor
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2 . deta taking
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y=al*exp(a2 * x)cos(2x - a3* x+ ad)+ ad
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without Impedance Tuner

ImZ = 2475

with Impedance Tuner

ImZ = 1182Q

! That demonstrates
| the space charge impedance is compensated with the Impedance Tune




Quadrupole frequency at "zero" beam current
= 2 * synchrotron frequency
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calculation . 12.4kHz |[fo =/ E;\ ; m eV cor

A lrpeeg
measurement :  10.27kHz ~20% less

absolute value of the space charge impedance

calculation . 310 ohm = MDINIW.

= — 2 Py |
measurement @ 2475 ohm X8 times

Why these results do not agree with the calculation?
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This result dose not agree the caliclation, either.




Each .....um._:._m_m In the bunch has each incoherent synchrotron frequen
as a function of the amplitude.
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envelope oscillation frequency coused by the multiparticle motior
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phase space looks like this in the KEK-PS
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The bunch is affected bv RF non-=linearitv.



Q1:

Quadrupole frequency at "zero" beam current
= 2 * synchrotron frequency

calculation - 12.4kHz
~20% less

measurement - 10.27kHz

--->Ans. : The bunch is affected by the RF nonlinearity.
Because the RF voltage isn't enough at the KEK-PS.




coherent - [Ncoherent
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assumption linear RF field

longitudinal phase—space distribution
matched to RF bucket

RF field ———> non—-linear
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equency shift.
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Simulation Result with real distribution in the
KEK-PS
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We have to consider...........

RF non-linearity
the bunch distribution in the phase space
bunch length is changing(oscillating)

beam intensity is decreasing




|. multi-particle sumulation
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Linear approximation analysis

Analysis including non-linear eftect

310[ohm] Calculated space charge impedance



Result of the new analysis
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Q2: absolute value of the space charge impedance

calculation ;310 ohm
measurement : 2475 ohm X8 times
--->Ans.
before analysis new analysis

without Impedance Tuner  |mZ = 24750 Im/Z = @@Oh

with Impedance Tuner  |mZ = 11820 |ImZ = -442




SUMMARY

We designed the impedance tuner consisting of the inductive materia
FINEMET, to cancel the space charge impedance in the lon gitudinal
direction. It was installed in the KEK PS main ring.

The measured impedance is reduced trerrr=s by the impedance tun
which consists of 12 pieces of the FINEMET cores. We demonstrated the
space charge impedance is compensated by the impedance tuner.

We have analyzed the RF non-linear effect in detail with calculation :
simulation.




